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[57] ABSTRACT 

A method of producing a light control plate which 
induces scattering of light at different angles of inci 
dence for different places. The method comprises (1) 
preparing an assembly comprising a film of a photo 
polymerizable composition and a light-pervious body 
having a light-impervious pattern arranged along the 
surface of the ?lm, (2) irradiating light limitedly to the 
assembly from that side where the light-pervious body 
at a limited angle while moving the assembly continu 
ously in the planar direction of the film thereby to poly 
merize at least part of the photopolymerizable ?lm, the 
light being emitted from a ?rst linear light source whose 
long axis is positioned in a direction crossing the mov 
ing direction of the assembly; and thereafter (3) poly 
merizing the photopolymerizable composition of that 
portion of the ?lm-like molded article which is covered 
with the lightdmpervious pattern of the light-pervious 
body by light irradiationor heating. 

6 Claims, 5 Drawing Sheets 
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METHOD OF PRODUCING LIGHT CONTROL 
PLATE WHICH INDUCES SCATTERING OF 

LIGHT AT DIFFERENT ANGLES 

This invention relates to a light control sheet which 
scatters light having different angles of incidence at 
different places. for example which scatters light having 
a speci?c angle of incidence. 

Conventional transparent bodies made of plastics or 
glass are transparent to light rays from any angles. As a 
structure which is pervious to light falling only from a 
speci?c angle, a “light-shielding plate” has generally 
been used which is composed of a relief forming lattices 
or fringes on a transparent substrate using an oriented 
?lm cut out from a plastic block obtained by alternately 
bonding a transparent plastic sheet and a non-transpar 
ent plastic sheet or from a photosensitive resin, and a 
transparent plate further combined on the relief. Such a 
light-shielding plate is proposed, for example, in Japa 
nese Laid-Open Patent Publication No. 189439/1982. 

Conventional oriented ?lms or light-shielding plates 
are very costly because the manufacturing methods for 
them are very complex, the oriented ?lms alone do not 
give homogeneous ?lm quality. 

Japanese Laid-Open Patent Publication No. 
40902/1989 discloses a method of producing a light 
control plate having the function of scattering light rays 
which are incident at a predetermined angle which 
comprises maintaining a resin composition comprising 
at least two photopolymerizable oligomers or mono 
mers having different refractive indice in a ?lm form, 
and irradiating light from a speci?c direction to the 
?lm-like resin composition to cure it. The method more 
speci?cally comprises disposing a photomask having a 
?rst shape between a ?rst linear light irradiating source 
and the ?lm-like structure and irradiating light. from the 
irradiating source, simultaneously with it, disposing a 
second linear light irradiating source located opposite 
to the ?rst light irradiating source with respect to the 
?lm-like structure, disposing a photomask having a 
second shape between the irradiating source and the 
?lm-like structure, and irradiating light from the second 
irradiating source. 

Japanese Laid-Open Patent ,Publication No. 
40903/1989 discloses a method of producing a light 
control plate as in the method disclosed in the above 
cited patent document, which comprises dividing the 
surface of the ?lm-like structure into a plurality of re 
gions, irradiating light from a linear light irradiating 
source to at least one region, and to another region, (A) 
irradiating light from the linear light irradiating source 
at different angles from the above irradiating source, or 
(B) irradiating light from a point light source, or apply 
ing parallel light, or (C) irradiating diffused light, or by 
(D) applying heat. 

Japanese Laid-Open Patent Publication No. 
77001/1989 discloses a light control plate composed of 
a plastic sheet which selectively diffuses incident light 
having a speci?c angle of incidence, and a method for 
its production. 

In the above manufacturing method, a rod-like lamp 
is used as a light source. The resin plate which cures 
under light irradiation shows anisotropy in the long and 
short axes of the light source. Only when the resin plate 
is rotated with respect to the long axis direction of the 
light source, it scatters light at a predetermined angle 
only when rotated in the long axis of the light source. 
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2 
Speci?cally, the resulting resin plate exists while a re 
gion having a different refractive index is oriented in a 
certain direction, and light which falls upon at a speci?c 
angle is considered to be diffused by this structure. 

In the above light control plate, as described in the 
above patent document, part of the substrate plate is 
transparent at the front and is non-transparent when 
tilted to any side, with the remainder having a reverse 
function. There may be prepared a light control plate in 
which a ?rst portion of the substrate plate is non-trans~ 
parent when viewed from the front, a second portion is 
always non-transparent and the remainder is always 
transparent. 
According to the method described in the above 

patent document, a photopolymerizable composition 
containing at least two compounds having at least one 
polymerizable carbon-carbon double bond in the mole 
cules and having different refractive indices is main 
tained in a ?lm form, and light is irradiated from a spe 
ci?c direction to cure it. A portion of the surface of the 
?lm-like structure is divided into a plurality of areas by 
covering it with a photomask. Light from a ?rst linear 
light irradiating source is irradiated to at least one of the 
areas, for example, that portion which faces the opening 
of the photomask, and light from a second linear light 
irradiating source is irradiated to at least one other area, 
for example, a portion covered by the photomask, at a 
different angle from that applied from the ?rst irradia 
tion source to perform curing. If after this, there is still 
an unirradiated portion. curing is completed by apply 
ing light or by polymerizing it with heat. As a result, 
there can be obtained a light control plate in which 
various regions having various different angles of diffu 
sion are provided in the ?lm-like structure. 

Instead of the second linear light irradiating source, 
point light, light or parallel light may be irradiated from 
the point light source, or it is also possible to irradiate 
diffusing light or to apply heat. If point light, light or 
parallel light is irradiated from a point light source, the 
cured region uniformly becomes like frosted glass, and 
only that region which was cured by light applied from 
the above ?rst‘light source becomes a light control ?lm 
having angle dependence. 

If diffusing light is irradiated, only that region which 
was cured by the ?rst light souce becomes angle 
dependent, and a region cured later becomes a transpar 
ent light control ?lm. The above conventional method 
can produce a light control plate having various differ 
ent scattering angles within a single resin plate. 

It is an object of this invention to provide a method of 
continuous production of a light control plate. 
Another object of this invention is to provide a 

method which can continuously produce a light control 
plate having a relatively broad region having a prede 
termined incidence angle of scattering light, which 
cannot be produced by a conventional batch method. 

Still another method of this invention is to provide a 
method of continuously producing a light control plate 
having a light-impervious pattern clearly transferred in 
the long axis direction of a linear light source. 

Other objects of this invention along with its advan 
tages will become apparent from the following descrip 
tion. 

These objects and advantages of this invention are 
achieved ?rstly by a method of producing a light con 
trol plate which induces scattering of light at different 
angles of incidence for different places, which com 
prises 
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(l) preparing an assembly comprising a ?lm ofa pho 
topolymerizable composition and a light-pervious body 
having a light-impervious pattern arranged along the 
surface of the ?lm, said polymerizable composition 
being selected from 

(a) an intimate mixture of at least two monomers 
having polymerizable carbon-carbon double bonds 
and being capable of forming polymers having 
different refractive indices, 

(b) at least one monomer having a plurality of poly 
merizable carbon-carbon double bonds in the mole 
cule, and 

(c) an intimate mixture of a compound free from a 
polymerizable carbon-carbon double bond and at 
least one monomer having a polymerizable carbon 
carbon double bond and capable of forming a poly 
mer having a different refractive index from that of 
said compound, 

(2) irradiating light limitedly to the assembly from 
that side where the light-pervious body exists while 
moving the assembly continuously in the planar direc 
tion of the ?lm thereby to polymerize at least part of the 
photopolymerizable ?lm, the light being emitted from a 
?rst linear light source whose long axis is positioned in 
a direction crossing the moving direction of the assem 
bly; and thereafter 

(3) polymerizing the photopolymerizable composi 
tion ofthat portion ofthe ?lm-like molded article which 
is covered with the light-impervious pattern of the 
light-pervious body by light irradiation or heating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of one example of an 
assembly comprising a polymerizable composition and a 
light-impervious pattern used in step (l) of this inven 
tlon. 

FIG. 2 is a rough view for illustrating the present 
invention together with an apparatus for practising the 
method of this invention. 
FIG. 3 is a rough perspective view of the apparatus 

shown in FIG. 2. 
FIGS. 4, 5 and 6 show characteristics of light control 

plates produced by the method of this invention. 
FIG. 7 is a rough view for illustrating the present 

invention including an apparatus including light baffling 
plates for the practice of the method of this invention. 
FIG. 8 is a rough perspective view of the apparatus 

shown in FIG. 7. 
FIGS. 9, 10, 11a, 11b and 12 serve for illustrating the 

principle of the present invention. 
FIG. 13 is the incident angle dependency of the haze 

percentage of the resulting light control pate of the 
present invention. 

In the ?rst step of the method of this invention, an 
assembly composed of a ?lm of the photopolymerizable 
composition and a light-pervious body having a light 
impervious pattern arranged along the surface of the 
film is prepared. 
The photopolymerizable composition contains an 

unsaturated compound having a polymerizable carbon 
carbon double bond. The photopolymerizable composi 
tion is selected from 

(a) an intimate mixture of at least two monomers 
having polymerizable carbon-carbon double bonds 
and being capable of forming polymers having 
different refractive indices, 
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4 
(b) at least one monomer having a plurality of poly 

merizable carbon-carbon doubles bond in the mole 
cule, and 

(c) an intimate mixture of a compound free from a 
polymerizable carbon-carbon double bond and at 
least one monomer having a polymerizable carbon 
carbon double bond and capable of forming a poly 
mer having a refractive index different from that of 
the above compound. 

The monomer constituting the intimate mixture (a) 
has a polymerizable carbon-carbon double bond. 
Examples of suitable polymerizable double bonds are 

acryloyl, methacryloyl, vinyl and allyl groups. 
Examples of such monomers include polyfunctional 

acrylates or the corresponding methacrylates such as 
polyester acrylates, polyol polyacrylates, modi?ed 
polyol polyacrylates, polyacrylates having an isocyanu 
ric acid skeleton, melamine acrylate, polyacrylate hav 
ing a hydantoin skeleton, polybutadiene acrylate, epoxy 
acrylate, urethane acrylate, bisphenol A diacrylate, 
2,2-bis(4-acryloxyethoxy-3,5-dibromophenyl)propane; 
monofunctional acrylates and the corresponding meth 
acrylates such as methyl acrylate, tetrahydrofurfuryl 
acrylate, ethyl carbitol acrylate, dicyclopentenylox 
yethyl acrylate, isobornyl acrylate, phenyl carbitol ac 
rylate, nonyl phenoxyethyl acrylate, 2-hydroxy-3 
phenoxypropyl acrylate, omega-hydroxyhexanoyloxy 
ethyl acrylate, acryloyloxyethyl succinate, acryloylox 
yethyl phthalate, phenyl acrylate, tribromophenyl acry 
late, phenoxy ethyl acrylate, tribromophenoxy ethyl 
acrylate, benzyl acrylate, p-bromobenzyl acrylate. 2 
ethyl hexyl acrylate, lauryl acrylate, and 2,2,3.3-tetra 
?uoropropyl acrylate; vinyl compounds such as sty 
rene, p-chlorostyrene, divinylbenzene, vinyl acetate, 
acrylonitrile, N-vinylpyrrolidone and vinylnaphtha 
lene: and allyl compounds such as diethylene glycol 
bisallyl carbonate, diallyidene pentaerythritol, triallyl 
isocyanurate, diallyl phthalate and diallyl isophthalate. 
These compounds may be used as monomers or as 
oligomers. 

In the intimate mixture (a), at least two monomers are 
used. They should be used in such a combination that 
will give homopolymers having refractive indices. 
Combinations which give homopolymers whose differ 
ence in refractive index is greater are preferred. Advan 
tageously, monomer combinations which give two ho 
mopolymers whose difference in refractive index is at 
least 0.01, preferably 005, are used. When three or more 
kinds of monomers are to be used, they are desirably 
combined such that the refractive indices of at least two 
of the resulting homopolymers differ from each other 
by 0.01, preferably 0.05. 

In the intimate mixture (a), two monomers which will 
give homopolymers having the largest refractive index 
difference are used in a weight ratio of from 10:90 to 
90:10. 

Preferably, at least two homopolymers obtained from 
at least two monomers are not fully compatible with 
each other. If they have so high compatibility with each 
other, the resulting resin becomes completely uniform, 
and does not become hazy. If they have extremely poor 
compatibility with each other, phase separation occurs 
before photocuring takes place so that the haze percent 
age of the resulting resin rises too much. Hence, the 
resin becomes hazy throughout, and does not easily 
show a light controlling function. 
As required, the intimate mixture (a) may contain a 

photopolymerization initiator. 
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There is no particular limitation on the photopolym 
erization initiator, and any initiators which are used in 
ordinary photopolymerization may be used. Examples 
include benzophenone, benzil, Michiler's ketone, 2 
chlorothioxanthone, benzoin ethyl ether, diethox 
yacetophenone, benzyl dimethyl ketal, 2-hydroxy-2 
methylpropiophenone, and 1-hiydroxycyclohexyl 
phenylketone. _ 

The intimate mixture (a) can be prepared by mixing at 
least two monomers and as required, a photo-polymeri 
zation initiator with stirring. 
Among the monomers having a plurality of polymer 

izable carbon-carbon double bond in the molecule con 
stituting the polymerizable composition (b) a compound 
having a plurality of polymerizable carbon-carbon dou 
ble bonds in the molecule such as acryloyl, methacryl 
oyl, vinyl or allyl groups may be advantageously used. 
Examples of such a compound include triethylene 

glycol diacrylate, polyethylene glycol diacrylate, neo 
pentyl glycol diacrylate, 1,6-hexanedio1 diacrylate, hy 
drogenated dicyclopentadienyl diacrylate, ethylene 
oxide modi?ed bisphenol A diacrylate, trimethylol pro 
pane triacrylate, pentaerythritol hexacrylate, trisac 
ryloxy isocyanurate, polyfunctional, epoxy acrylate, 
polyfunctional urethane acrylate, methacrylates corre 
sponding to these acrylates, divinylbenzene, triallyl 
isocyanurate and diethylene glycol bis-allyl carbonate. 
These compounds may be used as monomers or 

oligomers. 
Advantageous among these compounds may be those 

whose refractive indices before curing differs from 
those after curing by at least 001, preferably at least 
0.02. 

Such compounds may be used singly or as a mixture 
of two or more together with a photopolymerization 
initiator, as required. The photopolymerization initia 
tors that can be used may be the same as those described 
with reference to the intimate mixture (a). 
The intimate mixture (c) is composed of a compound 

free from a polymerizable carbon-carbon double bond 
and at least one monomer having a polymerizable car 
bon-carbon double bond and having a refractive index 
different from the refractive index of the above com 
pound. 

Examples of such a compound include, polymers 
such as polystyrene, poly(methyl methacrylate), poly 
ethylene oxide, polyvinyl pyrrolidone, polyvinyl alco 
hol and nylons; low-molecular-weight compounds such 
as toluene, n-hexane, cyclohexane, methyl alcohol, 
ethyl alcohol, acetone, methyl ethyl ketone, tetrahydro 
furan, ethyl acetate, dimethylformamide, dimethylacet 
amide and acetonitrile; and plastic additives such as 
organic halogen compounds, organic silicon com 
pounds, plasticizers and stabilizers. 
The above monomers which constitute the intimate 

mixture (c) may be the same monomers as used in the 
intimate mixture (a) and the polymerizable composition 
0)) 

In the intimate mixture (c), the compound having no 
polymerizable carbon-carbon double bond and the 
monomer having the above bond are advantageously 
used such that based on the total weight of the above 
compound and the monomer, the monomer having the 
above bond occupies 10 to 99% by weight, preferably 
50 to 95% by weight. 

Preferably, in the intimate mixture (c) the refractive 
index of the above compound differs from the refractive 

10 

20 

30 

35 

45 

50 

55 

60 

65 

6 
index of the homopolymer of the above monomer by at 
least 0.01. especially preferably 0.02. 

In the step (1) of the method of this invention, the 
photopolymerizable composition is coated on a light 
pervious substrate such as a glass plate and formed into 
a ?lm having a predetermined length and width. A 
light-pervious body having a light-impervious pattern 
arranged along the surface of the ?lm is provided. As a 
result. an assembly comprising the ?lm of the photopo 
lymerizable composition and the light-pervious body 
with the above pattern is prepared. 

Desirably, the light-pervious body having the pattern 
is provided in relation to the substrate. For example. it 
is advantageous to use a substrate on which the light 
impervious pattern is provided, a substrate having a 
photomask portion with the light-impervious pattern, a 
substrate partly coated with a light-impervious object 
which gives a light-impervious pattern, or a substrate 
having a photomask with a light-impervious pattern. 
The ?lm of the photopolymerizable composition 

constituting the assembly has a thickness of preferably 
at least 25 micrometers, more preferably at least 100 
micrometers, especially preferably at least 200 microm 
eters. 
According to the method of this invention, light is 

irradiated to the assembly limitedly from that side 
where the light-pervious body is present while continu 
ously moving the assembly in the planar direction of the 
?lm. At this time, the light to be irradiated is emitted 
from a ?rst linear light source provided so that the long 
axis of the light source is provided at a position which 
crosses the moving direction of the assembly. 
The ?rst linear light source used in this invention 

emits ultraviolet light or an actinic light ray which 
contributes to the photopolymerization of the photopo 
lymerizable composition, and is in a linear form as 
viewed from an irradiated position (?lm surface). The 
size of the light source viewed from the irradiated posi 
tion is such that the visual angle A of the light source in 
the direction of its long axis is at least 8°, preferably at 
least 12°. The size of the light source as viewed from the 
irradiated position is such that its visual angle B in the 
direction of its short axis is at most A/4, preferably at 
most A/lO. A rod-like ultraviolet lamp is one preferred 
linear irradiating light source. When a rod-like ultravio 
let lamp (3 KW) having a length of about 40 cm and a 
diameter of about 2 cm is provided 40 cm above a ?lm 
having a size of 10 cm>< 10 cm maintained horizontal so 
that it is parallel to the ?lm surface, its visual angle A 
becomes about 54°, and the visual angle B becomes 
about 3". The rod-like ultraviolet lamp is a ?rst pre 
ferred linear light source in this invention. Besides this 
lamp, there can be used a light source which apparently 
looks linear as viewed from the irradiated position, a 
light source obtained by aligning many point light 
sources continuously in an apparently linear form, and a 
device designed to scan light from a laser light source 
(irradiated from many different angles from one irradi 
ated. point) by using a rotating mirror and a convex 
mirror). _ 

If the irradiating light is ultraviolet light, a mercury 
lamp or a metal halide lamp is preferred in view of the 
ease of its handling as the rod-like ultraviolet lamp. 
By irradiating light at a limited angle to the assembly 

from that side where the light-pervious body is present, 
there can be obtained a light control plate which shows 
anisotropy in the directions of the long and short axes of 
the ?rst linear light source, and only when it is rotated 
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about the long axis direction ofthe light source. it scat 
ters light of a speci?c angle. 

In step (2), while the assembly is-moved. light from a 
linear light source (?rst linear light source) positioned 
so that its long axis crosses the moving direction is 
irradiated to the moving assembly while it is partly cut 
by an irradiating angle limiting means (?rst irradiation 
angle limiting means) provided between the ?rst linear 
light source and the assembly, namely that part of the 
light which falls upon upstream with respect to the 
moving direction of the assembly is cut. In other words, 
in step (2) of this invention, only that part of the light 
which falls upon downstream with respect to the mov 
ing direction of the assembly is irradiated onto the as 
sembly, and therefore, the light is irradiated at a limited 
angle. Accordingly, in step (2), the assembly receives 
light irradiation from the ?rst linear light source'always 
at a ?xed angle in the moving direction of the assembly. 
This makes it possible to produce a light control plate 
which scatters light having a ?xed angle of incidence. 
The advantage of irradiating light from the linear 

light source in this invention will become clearer if it is 
compared with a conventional method in which light is 
irradiated to a stationary assembly. If light from a linear 
light source is irradiated from the stationary assembly, 
the angle of irradiation from the light source evidently 
varies with the position of a site on the assembly in the 
direction crossing the long axis of the linear light 
source. As the site of irradiation is apart from a position 
immediately below the light source and the incident 
angle of irradiation is changed as viewed from the light 
source, the angle of light irradiation to the assembly 
becomes gradually gentle, and therefore. alight control 
plate is obtained in which the angle of incident light 
scattered varies in a direction crossing the long axis of 
the linear light source. For example, by the above 
method of irradiating light to the stationary assembly, 
even a light control plate produced so as to scatter light 
having an angle of incidence in a perpendicular direc 
tion. light having an angle of incidence in a perpendicu 
lar direction is pervious without scattering .in a portion 
in which the damage of the incident angle is 20° or 
more. 

The ?rst irradiation angle limiting means, as will be 
clear from the speci?c description to be given below 
with reference to the accompanying drawings, is pro 
vided so as to shut off the moving assembly from light 
irradiation in a moving direction. The shape of the tip 
portion of the ?rst light irradiation angle limiting 
means, which limits the light irradiation angle to the 
assembly, is preferably a straight line. The straight line 
tip portion may be perpendicular or tilted to the moving 
direction of the assembly. 

Furthermore, the ?rst linear light source is desirably 
provided such that the length of its long axis is equal to, 
or larger than, its length which crosses the moving 
direction of the assembly at right angle. If the length of 
the ?rst linear light source becomes larger, light irradia 
tion from this light source is more liable to go rear 
wardly of the light-impervious pattern. Consequently, 
that portion of the ?lm which is to be covered with the 
light-impervious pattern will be polymerized and cured 
and give a non-transparent visual ?eld around a ?xed 
angle. To avoid this inconvenience, the light irradiation 
in step (2) of the invention is preferably carried out 
through a plurality oflight baffling plates provided in a 
space between the ?rst linear light source and the ?rst 
irradiation angle limiting means. The light baffling 
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plates are arranged such that the surfaces of the plates 
face each other. and are aligned substantially perpendic 
ularly to the surface of the assembly at nearly equal 
intervals in the long axis direction ofthe ?rst linear light 
source. 

lfthe light emitted from a certain position in the long 
axis direction of the liner light source reaches that part 
of the ?lm which is relatively remote from the above 
position, it will go rearwardly of the light-impervious 
pattern. But if the light irradiation is carried out 
through the light baffling plates, the light is cut off by 
the baffling plates and cannot reach that ?lm part. In 
other words, by carrying out light irradiation through 
the light baffling plates, light emitted from a certain 
position in the long axis direction of the linear light 
source reaches only that ?lm portion which is immedi 
ately below that position or in its neighborhood, and 
therefore, does not go rearwardly of the light-impervi 
ous pattern. 
According to this invention, that part of the ?lm 

which remains uncured in step (2) because it was cov 
ered with the light-impervious pattern is polymerized 
by light irradiation or heating in step (3). 
The light irradiation in step (3) may be carried out by 

using the linear light source, a point light source, a 
scattered light source or a parallel light source. 
When the linear light source is used for light irradia 

tion, irradiation is advantageously performed from a 
second linear light source arranged on the opposite side 
to the ?rst linear light source with the assembly inter 
posed between the ?rst and the second linear light 
sources so that the long axis of the second linear light 
source is positioned in a direction crossing the moving 
direction of the assembly. Preferably, in this case, the 
light irradiated is partly cut by a second irradiation 
angle limiting means disposed between the assembly 
and the second linear light source and positioned more 
downstream of the moving direction of the assembly 
than the ?rst irradiation angle limiting means, and light 
is irradiated at a limited angle with respect to the assem 
bly. By so doing‘, that ?lm part which did not under 
went photocuring in step (2) can be formed into a pho 
tocured structure which scatters only light having a 
?xed angle of incidence. Of course, the irradiation (lim 
ited) angle from the second linear light source in step (3) 
should be made different from the irradiation (limited) 
angle from the ?rst linear light in step (2). Ifthe angles 
are made identical, the light-impervious pattern will 
disappear in step (3). 
The description of the ?rst linear light source and the 

?rst irradiation angle limiting means will be directly 
applicable to a description of the second linear light 
source and the second irradiation angle limiting means. 
The light irradiation in step (3) can also be performed 

by a point light source, a parallel light source or a scat 
tering light source provided on the opposite side of the 
?rst linear light source with the assembly between 
them. According to the point light source or the parallel 
light source, the photocured portion becomes a non 
transparent portion which scatters incident light of any 
angle. By the diffusion light source, the photocured 
portion becomes a transparent portion which is pervi 
ous to incident light of any angle. 
The present invention also provides a method of 

producing a light control plate, which comprises a ?rst 
step of preparing the polymerizable composition. a sec 
ond step of performing the ?rst light irradiation by a 
point light source, a diffused light source or a parallel 



with the light-impervious pattern and is not cured in 
step (2) is light-irradiated and cured by the linear light 
source (the second linear light source) in the same way 
as step (2) of the ?rst method. 

produced which scatters light having different incident 
angles at different places. 
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light source. and a third step of performing light irradia 
tion by using a linear light source. 

This second method of the invention comprises 
(1) preparing an assembly comprising a ?lm of a pho 

topolymerizable composition and a light-pervious body 5 
having a light-impervious pattern arranged along the 
surface of the ?lm, said polymerizable composition 
being selected from 

(a) an intimate mixture of at least two monomers 
having polymerizable carbon-carbon double bonds 
and being capable of forming polymers having 
different refractive indices, 

(b) at least one monomer having a plurality of poly 
merizable carbon-carbon double bonds in the mole 
cule, and 

(c) an intimate mixture of a compound free from a 
polymerizable carbon-carbon double bond and at 
least one monomer having a polymerizable carbon 
carbon double bond and capable of forming a poly 
mer having a different refractive index from that of 20 
said compound, 

(2) while the assembly is moved continuously in the 
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planar direction of the ?lm, irradiating light at a limited 
angle to the assembly from that side where the light 
pervious body is present, thereby polymerized at least a 
part of the photopolymerizable composition of the ?lm, 
said light being emitted from a ?rst light ‘source selected 
from a point light source, a parallel light source and a 
diffused light source provided on that side of the light 
pervious body in which the light~pervious body is pres 
ent, preferably partly cut by a first light irradiation 
limiting means, and irradiated to the assembly; and then 
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(3) polymerizing the photopolymerizable composi 
tion in that part of the ?lm-like molded article which is 
covered with the light-impervious pattern of the light 
pervious body; wherein the light irradiation is carried 
out from a second linear light source provided so that its 
long axis is positioned in a direction crossing the mov 
ing direction of the assembly, and the light irradiation is 
carried out on the assembly at a limited angle as a result 
of partly being cut by a second irradiation angle limiting 
means positioned between the assembly and the second 
linear light source more downstream of the moving 
direction of the assembly than the ?rst irradiating angle 
limiting means. 
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The step ( 1) is quite the same as the step ( l) of the ?rst 
method of this invention described above. 

In the step (2), the polymerizable composition of that 
?lm portion which is not covered with the light-imper 
vious pattern is irradiated ?rst from a ?rst light source 
which is a point light source, a parallel light source and 
a diffused light source to change it to a non-transparent 
portion or a transparent cured portion. 

50 

In the step (3), that ?lm portion which is not covered 
55 

By the above method, a light control plate can be 
60 

This light control plate having selective light scatter 
ing function will be described in detail with reference to 
the drawings. . 
A linear light source is placed at a position tilte 65 

about 45° measured from a perpendicular plane set up 
from the center of the ?lm surface, for example, about 
40 cm above a horizontally placed unpolymerized ?lm, 

10 
and is disposed so that the longitudinal direction of the 
light source is parallel to the perpendicular plane and 
horizontal. When light is irradiated from this light 
source to induce curing reaction of the ?lm. anisotropy 
is produced in the cured ?lm. When a sectional surface 
of the cured ?lm is taken as shown in FIG. 9, a layer 14 
of a microstructure is formed in the inside of the cured 
?lm 13 shown in FIG. 9. The thickness d2 of this layer 
is about 25 to 5,000 micrometers. The depth d1 from the 
surface to the layer is 0 to 100 micrometers. The thick 
ness d1 varies depending upon the atmosphere in which 
the curing reaction of the ?lm takes place. The thick 
ness d3 of the layer is usually 25 to 5,000 micrometers. 
As shown in FIG. 10 (a top plan view) and FIG. 9 

(sectional view), the microstructural layer 14 is com 
posed of a number of elongated microstructural materi 
als 16 and 17 which stretch nearly parallel to the light 
source 18. 
As shown in FIG. 11-0 which is a sectional view 

taken on line A-A' of FIG. 10, each of the microstruc 
tural materials 16 and 17 is tilted at an angle 2’ which is 
smaller than the irradiation angle Z from the irradiation 
source shown in FIG. ll-b. This angle Z’ is nearly equal 
to the diffraction angle at which the irradiated light 
refracts and proceeds within the ?lm. The pitch d5 
between each microstructural materials 16 and 17 is 0.1 
to 20 micrometers. 

The'selective light scattering property is such that in 
FIG. 12, the light which falls at an incidence angle Y1 
equal to the irradiation angle Z from the irradiating 
source and the light which falls at an incidence angle of 
Y2 equal to the irradiation angle on the opposite side of 
the ?lm ar scattered most strongly. In other words, 
when the other side is viewed through a ?lm at that 
angle, the ?lms looks most hazy and the visual ?eld is 
hindered. The incident light which is parallel to the 
sheet surface in FIG. 12, and contains light having an 
incidence angle Y1 or Y2 and which falls upon the ?lm 
through a plane perpendicular to the sheet surface (inci 
dent light having an incidence angle equal to Y1 or Y2 
when it is measured by projection onto the sheet sur 
face) is’ most strongly scattered. Haze percentages to 
light of various incidence angles show a graph of a 
chevron shape in which the haze percentage is the larg 
est near the incidence angle Z. If the size of the irradiat 
ing light source decreases and the visual angle A of the 
long axis is less than 5", the polymerized ?lm no longer 
shows anisotropy, and scatters light at any incidence 
angles. Thus, the ?lm obtained by polymerization by 
using a point light source or by using substantially paral 
lel light shows light scattering in any direction. 

If, on the other hand, the size of the irradiating light 
source becomes gradually larger, the height of the 
chevron shape in the graph of haze percentage becomes 
lower. When the size of the irradiating light source is in 
terms of a visual angle B of more than 100°, the ?lm no 
longer shows anisotropy. The irradiated polymerized 
?lm is transparent when viewed in any direction, and 
does not show selective light scattering. 
Examples of such a light source are a planar light 

source disposed relatively near a ?lm to be polymerized 
and a diffusion light source. When the ?lm is polymer 
ized by heating, too, the polymerized ?lm becomes 
transparent. 

It is not clear why a ?lm polymerized by using the 
linear light source shows selective light scattering. In 
FIG. 10, microstructural materials 16 and 17 are of 
layer structures having different refractive indices (such 
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differences in refractive index are closely related to the 
difference in refractive indices of homopolymers of 
photopolymerizable monomers used as starting materi 
als). Presumably, the reason may be that light which 
falls upon at an incidence angle near the inclination 
angle Z’ of the microstructural material is reflected and 
scattered at a boundary between areas having different 
refractive indices. The angle selectivity is determined 
depending upon the distance between layer structures 
by the angle selectivity. If the layer distance is smaller, 
the angle width for scattering becomes larger. The haze 
percentage which expresses the degree of scattering is 
affected by the differences of refractive index between 
the microstructures (microstructural materials 16 and 
17). Speci?cally, when the difference in refractive index 
and the disturbance of the layer structure are greater, 
the haze percentage becomes higher. If the disturbance 
of the layer structure remains the same the distance 
over which light advances becomes longer as the thick 
ness of the ?lm is larger. Hence, the degree of scattering 
is ampli?ed, and the haze percentage becomes higher. 

If the irradiating light source is a diffusion light 
source, such microstructure is not formed, and the ?lm 
is transparent and does not show selective light scatter 
ing. If the irradiating light source is a point light source, 
a microstructure is formed in the ?lm. But it is not 
regular as is the case with the linear irradiation light 
source and is randomly arranged. Accordingly, any 
incident light is reflected with the microstructure, and 
the resulting ?lm scatters light in any direction. 
The following Examples illustrate the invention more 

speci?cally. The invention, however, should not be 
limited to these examples. 

EXAMPLE 1 

A polymerizable composition was prepared com 
posed of 100 parts of polyether urethane acrylate (re 
fractive index 1.481) composed of polypropylene glycol 
having an average molecular weght of 2,000. hydroxy 
ethyl acrylate and isophorone diisocyanate, 100 parts of 
tribromophenoxy ethyl acryate (refractive index 1.567) 
and 6 parts of hydroxyisobutyl phenone). 
As shown in FIG. 1, on the under surface ofa trans 

parent glass sheet 4 having a thickness of2 mm, a length 
(AB) of 70 cm and a width (BC) of 30 cm, a FIGURE 
5 of the letter “A" having a thickness of about 0.05 mm 
was drawn by using a black paint which was light 
impervious. On the upper surface of the glass sheet 4, 
the above polymerizable composition was poured to 
form a ?lm 3 having a thickness of 300 micrometers. 
The ?lm 3, the glass sheet 4 and the FIG. 5 were then 
held on a transparent glass sheet 6 having a thickness of 
3 mm. As shown in FIGS. 2 and 3, the assembly 8 pre 
pared as above was placed on rotating rolls 7 provided 
at intervals 30 cm. The rolls 7 were rotated at a ?xed 
speed, and the assembly 8 was placed horizontally so 
that its advancing direction was parallel to the longitu 
dinal direction (AB) of the assembly 8. The assembly 8 
was moved (in the right direction in the drawings) at a 
speed of 400 mm/min. 
A ?rst rod-like ultraviolet lamp 1 (8O W/cm, 2 KW, 

lamp diameter 2 cm, lamp length 25 cm) was placed at 
a position 400 mm below the bottom surface of the 
assembly so that its longitudinal direction was horizon 
tal and parallel to the shafts of the rolls 7, namely at 
right angles to the longitudinal direction (AB) of the 
assembly 8. A ?rst irradiation angle limiting means 9 
was provided immediately below the bottom surface of 
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the assembly. The tip portion of the irradiation angle 
limiting means 9 was positioned parallel to the lateral 
direction (BC) ofthe assembly at a site tilted at an angle 
of l0 degrees (a) from immediately above the ultravio 
let lamp 1 in the drawing in the right direction. A sec 
ond rod-like ultraviolet lamp 2 (having the same speci? 
cation as the lamp 1) was provided at a height 400 mm 
above the assembly horizontally so that it was parallel 
to the lateral direction (AB) ofthe assembly 8. A second 
irradiation limiting means 10 was disposed immediately 
above the upper surface of the assembly. The tip por 
tion of the second irradiation angle limiting means 10 
was positioned parallel to the shaft of the roll at an angle 
inclined by 20 degrees (/3) rightward from immediately 
below the ultraviolet lamp in the drawings and at a 
position about 20 cm downstream from the tip portion 
of the ?rst irradiation angle limiting means. While the 
assembly 8 was moved by the rotation of the rolls 7, it 
?rst received light from the rod-like ultraviolet lamp 1, 
and only that part of the polymerizable composition 3 
which was not covered with the letter "A” of the black 
paint and permitted passing of light was polymerized 
and cured. Further, the assembly 8 was moved and the 
?lm portion which had been covered with the letter 
"A" was irradiated from the ultraviolet lamp 2 and 
polymerized and cured. By peeling the cured ?lm from 
the glass sheet 4, a ?lm-like light control plate was 
obtained. 
By measuring the total light transmittance of this 

light control plate and the scattered light transmittance 
with respect to the ?lm portion covered with the letter 
“A” and the other ?lm portion, and the haze percentage 
was determined in accordance with JIS K-67l4. The 
light control plate was tilted about a shaft parallel to the 
side BC, and light was caused to fall upon the light 
control plate in a direction at right angles to the side BC 
to vary the angle between the incident light and the 
light control plate. The above haze percentages were 
calculated. The variations of the haze percentage with 
respect to the incidence angle are shown in FIG. 4. In 
FIG. 4, the dotted line shows the haze percentage of a 
portion corresponding to the letter “A", the solid line, 
the haze percentage of a portion corresponding to other 
area. The absolute value of the haze percentage of the 
incident light having an incidence angle of 110 degrees 
in the portion corresponding to the letter “A" of the 
light control plate was about 50. The absolute value of 
haze percentage of the incident light having an inci 
dence angle of 80 degrees is about 50%. When the light 
control plate was observed in the front, the entire sur 
face of the light control plate was slightly hazy, and the 
letter “A” was scarcely distinguished. But when the 
light control plate was tilted to the right by an angle of 
about 10 degrees, a transparent letter “A” was seen in a 
hazy surrounding. If it was tilted to the left by an angle 
of about 20 degrees a'hazy letter “A” was seen in a 
transparent surrounding. When the light control plate 
was tilted at an angle of at least about 30 degrees to left 
and right, the entire surface of the light control plate 
became transparent and the letter could not be seen. 
Thus, the resulting light control plate simultaneously 
have areas having different absolute haze percentages 
and angle dependencies. 

EXAMPLE 2 

Example 1 was repeated except that instead of the 
glass plate having a thickness of 3 mm in FIG. 1, a 
frosted glass sheet 6 having a thickness of 3 mm was 
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used, and a polymerizable composition composed of 100 
parts of polyether urethane acrylate comprising polytet 
ramethylene ether glycol, toluene diisocyanate and 
hydroxyethyl acrylate. 100 parts of tribromophenyl 
methacrylate and 6 parts of benzyl methyl ketal was 
applied. The incidence angle dependence of the result 
ing light control plate was obtained as shown in FIG. 5. 

EXAMPLE 3 

Example 1 was repeated except that a ?lm of polyeth 
ylene tere'pht‘nalate having a thickness of 175 microme 
ters was used instead of the glass plate having a thick 
ness of 0.3 mm shown in FIG. 1, and a polymerizable 
composition composed of 100 parts of polyether ure 
thane acrylate comprising polytetramethylene ether 
glycol, toluene diisocyanate and hydroxyethyl acrylate, 
lOO parts of tribromophenyl methacrylate and 6 parts of 
benzyl methyl ketal was applied. The incidence angle 
dependency of the haze percentage of the resulting light 
control plate is shown in FIG. 6. 

EXAMPLE 4 

Example 1 was repeated except that a polymerizable 
composition composed of 30 parts of poly(methyl meth 
acrylate) (refractive index 1.490), 70 parts of phenoxy 
ethyl acrylate (the refractive index of the resulting poly 
mer was 1.557), 10 parts of triethylene glycol di-2-ethyl 
butyrate and 3 parts of 2-hydroxy -2-methyl propiophe 
none was used. 

The incidence angle dependency of the haze percent 
age of the resulting light control plate is shown in FIG. 
13. 

I EXAMPLE 5 

A polymerizable composition was prepared by mix 
ing 100 parts of polyether urethane acrylate (refractive 
index 1.490) obtained by the reaction of polytetrameth 
ylene ether glycol having an average molecular weight 
of 2,000 with Z-hydroxyethyl acrylate, 100 parts of 
tribromophenoxyethyl acrylate and 6 parts of benzyl 
methyl ketal. 
The resulting composition was poured onto the upper 

surface of a glass sheet 4 having a thickness of 2 mm, a 
length (AB) of 70 cm and a width (BC) of 50 cm. A 
lattice pattern with a plurality of transparent longitudi 
nal lines (each having a width of 2 mm arranged at an 
interval of 2 mm) and a plurality of transparent lateral 
lines (each having a width of 5 mm arranged at an inter 
val of 15 mm) was formed by a light-impervious black 
paint on the under surface of a transparent glass 4. The 
?lmed glass sheet 4-and the lattice pattern were further 
held on a transparent glass having a thickness of 3 mm. 
As shown in FIGS. 7 and 8, the assembly prepared as 
above was placed on rotating rolls 7 arranged at inter 
vals of 30 cm. The assembly 8 was placed horizontally 
so that the advancing direction of the assembly 8 would 
be parallel to the longitudinal direction (AB) of the 
assembly. The assembly 8 was moved at a speed of 400 
mm/min. (to the right direction in the drawings). At a 
position 700 mm below the bottom of the assembly was 
provided a ?rst rod-like ultraviolet lamp 1 (80 W/cm, 
5.6 KW, lamp diameter 2 cm and the lamp length 70 cm) 
with its longitudinal direction being horizontal and 
parallel to the shafts of the rotating rolls 7, or in other 
words, at right angles to the longitudinal direction (AB) 

I of the assembly 8. Furthermore, 13 light baf?ing plates 
12 made of aluminum with a thickness of 3 mm of 20 
cm><20 cm which were anodized at a surface area, 
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perpendicularly to the long axis direction of the lamp 
were arranged at intervals of 5 cm at positions 15 cm 
above the lamp 1. A ?rst irradiation angle limiting 
means 9 was disposed immediately below the bottom 
surface of the assembly. The tip portion of the ?rst 
irradiation angle limiting means 9 was positioned paral 
lel to the lateral direction (BC) of the assembly at a 
position perpendicular from immediately below the 
ultraviolet lamp 1 in the drawings. A second rod-like 
ultraviolet lamp 2 (having the same speci?cations as the 
lamp 1) was provided at a position 400 mm above the 
assembly so that it was parallel to the lateral direction 
(BC) of the assembly 8. The tip portion of the second 
irradiation angle limiting means 10 was positioned at an 
angle tilted by 20 degrees (B) to the right from immedi 
ately below the ultraviolet lamp 2 and at a position 
about 20 cm downstream from the tip portion of the 
?rst irradiation angle limiting means 9 in parallel to roll 
shafts. A frosted glass 11 having a thickness of 2 mm 
was provided so as to cover the entire width of a length 
of 20 cm from the tip of the second irradiation angle 
limiting means 10 in the downstream direction. While 
the assembly 8 was moved by the rotation of the rolls 7, 
the assembly 8 ?rst received light from the rod‘like 
ultraviolet lamp 1, and the polymerizable composition 3 
was polymerized and cured only at that portion which 
was not covered with the black paint and permitted 
permeation of light. The light from the ultraviolet lamp 
2 passed through the frosted glass and became scattered 
light. As the assembly 8 was further moved, this scat 
tered light radiated the ?lm portion which was covered 
with the black paint to polymerize and cure that ?lm 
portion. By peeling the cured ?lm from the glass sheet 
4, a ?lm-like light control plate was obtained. 
When this light control plate was viewed from the 

front in the direction in which the ?rst linear lamp was 
provided, the portion having the lattice pattern looked 
non-transparent, and the other portion looked transpar 
ent at any angles. When the light control plate was 
rotated at an angle of more than 25 degrees to the left 
and right of the axial direction of the side BC, the por 
tion' having the lattice pattern also looked transparent, 
and the contour of the lattice pattern completely got out 
of sight. 
The light control plate was viewed from the front in 

the direction in which the lamp was provided, and the 
widths of the longitudinal and lateral lines were exam 
ined. As a result, it was found that the longitudinal lines 
had a width of 2.1 mm, and the lateral lines had a width 
of 5 mm. 
A light control plate was prepared in the same way as 

above except that the light baffling plates were re 
moved. 
The resulting light conrol plate was viewed from the 

front in the direcion in which the lamp was provided. It 
was found that the longitudinal lines of the non-trans 
parent lattice pattern had a width of 2.7 mm, and the 
lateral lines had a width of 5 mm. 
We claim: 
1. A method of producing a light control plate which 

induces scattering of light at different angles of inci 
dence for different places, which comprises: 

(1) preparing an assembly comprising a ?lm of a pho 
topolymerizable composition and a light-pervious 
body having a light-impervious pattern arranged 
along the surface of the ?lm, said polymerizable 
composition being selected from the group consist 
ing of 
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(a) an intimate mixture of at least two monomers 
having polymerizable carbon-carbon double 
bonds and being capable of forming polymers 
having different refractive indices, 

(b) at least one monomer having a plurality of poly 
merizable carbon-carbon double bonds in the 
molecule, and 

(c) an intimate mixture of a compound free from a 
polymerizable carbon~carbon double bond and 
at least one monomer having a polymerizable 
carbon-carbon double bond and capable of form 
ing a polymer having a different refractive index 
from that of said compound; 

(2) irradiating light to the assembly from that side 
where the light-pervious body exists while moving 
the assembly continuously in the planar direction 
of the ?lm. thereby to polymerize at least part of 
the photopolymerizable ?lm. the light being irradi 
ated from a ?xed ?rst linear light source whose 
long axis is positioned in a direction crossing the 
moving direction of the assembly at a predeter 
mined angle (a) to the surface which is at right 
angles to the surface of the ?lm and which passes 
the long axis of the linear light; and thereafter 

(3) polymerizing the photopolymerizable composi 
tion of that portion of the ?lm which is covered 
with the light-impervious pattern of the light-per 
vious body by light irradiation or heating. 

2. The method of claim 1 in which the light in step (2) 
is partly cut by a ?rst irradiation angle limiting means 
positioned between the assembly and the ?rst linear 
light source and irradiated to the assembly at a limited 
angle. 

3, The method of claim 1 in which the light irradia 
tion in step (2) is carried out through a plurality oflight 
baffling plates disposed in the space between the ?rst 
linear light source and the ?rst irradiation angle limiting 
means, and the baffling plates are arranged substantially 
vertically to the plane of the assembly with the individ 
ual surfaces facing each other and at equal intervals in 
the longitudinal axis direction of the ?rst linear light 
source. ' 

4. The method of claim 1 in which the polymerization 
in step (3) is carried out by light irradiation from a 
second linear light source disposed opposite to the ?rst 
linear light source with the assembly between the ?rst 
and the second linear light sources, said second linear 
light source is provided so that its long axis is positioned 
ed in a direction crossing the moving direction of the 
assembly, and the light irradiated from the second linear 
light source is partly cut by a second irradiation angle 
limiting means positioned between the assembly and the 
second linear light source on the more downstream side 
in the moving direction of the assembly than the ?rst 
irradiation angle limiting means, and is irradiated limit 
edly to the assembly. 

5. The method of claim 1 wherein the polymerization 
in step (3) is carried out by light irradiation, and the 
light irradiation is carried out by means of a second light 
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source selected front a point light source. a diffused 
light source and a parallel light source which is dis 
posed opposite to the ?rst linear light source with the 
assembly between the ?rst and second linear light 
sources. 

6. A method of producing a light control plate which 
scatters light having different angles of incidence for 
different places. which comprises: 

(1) preparing an assembly comprising a ?lm ofa pho 
topolymerizable composition and a light-pervious 
body having a light-impervious pattern arranged 
along the surface of the ?lm, said polymerizable 
composition being selected from the group consist 
ing of 
(a) an intimate mixture of at least two monomers 

having polymerizable carbon-carbon double 
bonds and being capable of forming polymers 
having different refractive indices, 

(b) at least one monomer having a plurality of poly 
merizable carbon-carbon double bonds in the 
molecule, and 

(c) an intimate mixture of a compound free from a 
polymerizable carbon-carbon double bond and 
at least one monomer having a polymerizable 
carbon-carbon double bond and capable of form 
ing a polymer having refractive index different 
from that of said compound, 

(2) while the assembly is moved continuously in the 
planar direction of the ?lm irradiating light to the 
assembly from that side where the light-pervious 
body is present, thereby to polymerize at least a 
part of the photo-polymerizable composition of the 
?lm, said light being emitted from a ?rst light 
source selected from a point light source, a diffused 
light source and a parallel light source provided on 
that side of the assembly in which the light-pervi 
ous body is present, preferably partly cut by a ?rst 
light irradiation limiting means, and irradiated to 
the assembly; and then 

(3) polymerizing the photopolymerizable composi 
tion in that part of the ?lm which is covered with 
the light-pervious pattern of the light-pervious 
body; wherein the light irradiation is carried out 
from a ?xed second linear light source provided so 
that its long axis is positioned in a direction cross 
ing the moving direction of the assembly, and the 
light irradiation is carried out on the assembly at a 
predetermined angle (B) to the surface which is at 
right angles to the surface of the ?lm and which 
passes the long axis of a ?xed second linear light 
source as a result of partly being cut by a second 
light irradiation limiting means positioned between 
the assembly and the second linear light source, the 
tip of the downstream side in the moving direction 
of the assembly of the second light irradiation limit 
ing means being positioned further downstream 
than the tip of the downstream side of the ?rst light 
irradiating limiting means. 
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